This study assessed the genetic diversity and differentiation in sweetpotato accessions in Ghana to guide selection for genetic improvement on beta-carotene, dry matter and sugar contents to promote increased utilization. One hundred and fifteen sweetpotato accessions from four different sources, which were the International Potato Centre (CIP) collection, local collection from farmers' field, local improved varieties, and local and exotic collections from the National Agricultural Research Programmes were studied using 40 agro-morphological and physico-chemical traits, and 25 SSR markers. Variability was obtained for 13 agro-morphological traits and all the physico-chemical traits. Significant genetic diversity indicates existence of a high degree of agro-morphological and physicochemical variation. Within Group variation (97%) accounted for most of the diversity indicating a broad genetic base. The divergence indicates that breeders can form different populations with significant levels of genetic variation to exploit heterosis and improvement of populations. A strong negative relationship was found for sugar content and dry matter content and indicates a possible development of non-sweet high dry matter sweetpotato varieties. However, developing non-sweet, high dry matter and high beta-carotene sweetpotato varieties could be challenging due to the strong negative association between dry matter content and beta-carotene content, and the positive association existing between beta-carotene and sugar content. This study has in addition confirmed the breeding potential of sweetpotato accessions in Ghana and the probability of providing useful genetic variation for the development of farmer preferred cultivars.
INTRODUCTION
Sweetpotato is a major staple crop in developing countries all over the world because of its diverse uses.
These include use in many food and industrial products such as starch, sweeteners, noodles, citric acid, soft *Corresponding author. E-mail: e.baafi@gmail.com. Tel: +233-244 155180.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License drinks, desserts, flour, industrial alcohol, ethanol fuel and livestock feed. Despite its importance, the level of utilization in Ghana is very low and it is not well integrated into Ghanaian diets (Adu-Kwarteng et al., 2002) . This is because consumers in Ghana prefer sweetpotato with dry mealy flesh, non-sweet, and high nutritive value (Sam and Dapaah, 2009; Baafi et al., 2015) , but locally available varieties are sweet that limits consumption as a staple food (Missah and Kissiedu, 1994) . In addition, the recently introduced orange-flesh genotypes, identified as a cheapER source of Vitamin A, are low in dry matter content. These factors have led to the low adoption of the 13 varieties released to date. There is, therefore, the need to incorporate nonsweetness, high dry matter, and/or high beta-carotene contents into the existing genetic background of high yielding and early maturing cultivars which are resistant to biotic and abiotic stresses.
A prerequisite for genetic improvement of sweetpotato is knowledge of the extent of genetic variation present in the germplasm. Information on genetic diversity guides selection of divergent parents to broaden genetic base of a breeding population and produce progenies with heterosis (Manosh et al., 2008) . Identification of populations with high frequencies of favourable alleles for desirable traits is an important step in the development of improved varieties (Gasura et al., 2008) . Understanding the genetic diversity is also critical to find new alleles for desirable traits (Warburton et al., 2002) . Since the amount of genetic diversity within populations determines the extent of response in traditional breeding through selection, genetically diverse breeding populations are needed (Bos et al., 2000) . Morphological characterization has been used extensively in diversity studies for various crop plants including sweetpotato (Bos et al., 2000; Kaplan, 2001; K'opondo, 2011) . Agro-morphological and physicochemical traits are important diagnostic features for distinguishing among sweetpotato accessions. The use of these traits as genetic markers can speed up selection in sweetpotato improvement. SSR markers have been used to study genetic diversity in sweetpotato (Buteler et al., 1999; Diaz and Gruneberg, 2008; Tumwegamire et al., 2011; Somé et al., 2014) . SSR markers are multi-allelic, highly polymorphic, highly reproducible, co-dominant and provide rich genetic information with good genome coverage (Kawuki et al., 2009; Sree et al., 2010) . The SSR markers are affordable and amenable to most breeding procedures and applicable in public breeding programmes that may not be able to afford expensive diversity assessment techniques (Turyagyenda et al., 2012) . Application of both phenotypic and genetic markers is important in obtaining full knowledge of genetic diversity in sweetpotato germplasm.
The objective of this work was to characterize sweetpotato germplasm in Ghana using phenotypic and SSR markers with focus on enhancing end-user characteristics of sweetpotato for increased utilization Baafi et al. 4633 in Ghana.
MATERIALS AND METHODS

Agro-morphological and physico-chemical characterization
Germplasm collection and evaluation
Germplasm was collected from the major sweetpotato growing areas in Ghana in 2010. 
Data collection
Data collection was done based on the sweetpotato descriptor for field phenotyping (CIP/AVRDC/IBPGR, 1991) as well as storage root quality traits as shown in Table 2 . Harvesting was done at three and half months after planting. At harvest, data were taken on storage root yield and its components and a random sample of storage roots (one small, one medium and one large) were taken for physico-chemical analysis. Storage roots considered for the yield data were those over 0.3 m in diameter and without cracks, insect damage or rotten parts (Ekanayake et al., 1990) . With the exception of the dry matter content, all the storage root quality traits were determined using the near-infrared reflectance spectroscopy (NIRS) which uses the work flow of the Quality and Nutrition Laboratory of CIP Lima, Peru. Fifty grams fresh sample was used. It was freeze-dried for 72 h using a freeze dryer. Dry matter content was determined after freeze drying as ratio of dry weight to fresh weight of sample expressed as a percentage. These were determined at CIP Laboratories in Kumasi, Ghana and Lima, Peru.
Data analysis
Data were subjected to Principal Component Analysis (PCA) and Cluster Analysis using Genstat version 9.2.0.152 (Genstat, 2007) . The PCA was done based on the correlation matrix. Data for betacarotene, dry matter and total sugar contents were subjected to an Analysis of Variance (ANOVA) using Genstat version 9.2.0.152 (Genstat, 2007) . Based on the mean performance of these traits, the top 10 and the bottom 10 accessions were selected to construct a dendrogram and a GGE Biplot using the most important traits for PC1 and PC2. The dendrogram was constructed based on the hierarchical, single link method using Euclidean test. The biplot was constructed to depict the phenotypic relationships among the accessions, their correlation with the traits significant for PC1 and PC2, as well as the association among the traits. The biplot was 
DNA extraction
This was done at the Molecular Laboratory of the CSIR-Crops
Research Institute, Fumesua using the method of Egnin et al. (1998) , in 2012. Two hundred milligram of young tender leaf tissue was weighed into 2 ml Eppendorf tube and was ground to powder after freeze drying with liquid nitrogen. Eight hundred microliter (800 μl) of buffer A [1M Tris HCl (pH 8) = 50 mM, 5 M NaCl = 300 mM, 0.5M EDTA (pH 8) = 20 mM, PVP = 20%, Sodium Metabisulphate = 1 g/100 ml, 20% Sercosine = 1.5] was added and incubated at 90°C for 10 min, and vortexed every 5 min. The suspension was cooled at room temperature for 2 min after which 400 μl of 5 M potassium acetate was added and then gently mixed by inversion 5 to 6 times. The suspension was then incubated on ice for 30 min with continuous shaking, followed by centrifuging at 13,000 rpm for 10 min. The upper phase was transferred to a new Eppendorf tube. One volume of cold isopropanol and 1/10 th of 3 M sodium acetate was added and mixed 10X by inverting the tube. This was followed by incubation at -20°C for 1 h, and centrifuging at 13,000 rpm for 10 min. The supernatant was poured off, the pellets were washed with 800 μl, 80% ethanol, and centrifuged at 14,000 rpm for 5 min. The alcohol was then discarded and the pellets were dried. Five Values in parenthesis indicate scale of measurement hundred microliter (500 μl) of 1X TE buffer was used to dissolve the pellets, followed by the addition of 4 μl RNase A, and incubation at 37°C for 30 min. This was followed by addition of 250 μl of 7.5 M ammonium acetate. The suspension was incubated on ice for 3 min, and centrifuged at 13,000 rpm for five minutes, and then transferred into a new 1.5 ml tube. Seven hundred microliters (700 μl) of isopropanol was added, mixed by inversion (ice inversion), and centrifuged at 13,000 rpm for 15 min. The supernatant was discarded and the pellets were washed with 1 ml 80% ethanol by centrifuging at 14,000 rpm for five minutes. Again the supernatant was discarded, followed by drying of the pellets at room temperature. The DNA pellets were then dissolved in 200 μl 1X TE buffer, and its quality was checked on 0.8% agarose gel.
Genotyping with simple sequence repeats (SSR) markers
The genotyping was carried out at the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), India in 2012. A 3 ng sample of total genomic DNA from each of the samples was used for the polymerase chain reactions (PCRs). Twenty-five pairs of SSR markers confirmed for sweetpotato DNA amplification (Buteler et al., 1999; Diaz and Gruneberg, 2008; Tumwegamire et al., 2011) were used (Table 3) . A final volume of the reaction mixture of 10 μL, which contains 25 mM MgCl2, 10x buffer, 10 mM deoxyribonucleotide triphosphate (dNTPS), 1 μM M13 FORWARD 700/800, 1 μM forward primer, 1 μM reverse primer, 5 U μL-1 Taq polymerase, 3 ng μL-1 DNA, and a double distilled water were used for the PCR. The amplification conditions were set up at 94°C for four minutes and denaturation at 94°C for one minute; annealing at between 56.0 to 62.0°C (depending on the annealing temperature of the primer); and polymerization at 72°C for one minute.
Step 2 annealing was 56.0 to 62.0°C (depending on the annealing temperature of the primer) and was repeated 30 times, and a final extension at 72°C for 7 min. Amplification products were analyzed and read on a computer automated Licor (4300) DNA Analyzer (Licor Biosciences, Lincoln, NE) for 25 pairs of SSR primers.
Simple sequence repeats data scoring and analysis
Accessions amplified were noted and used to estimate percent accessions amplified. The number of alleles for each marker was noted and recorded. Markers that showed variation in at least 25% of the accessions were noted and their alleles were recorded as unique alleles. Percent unique alleles were computed as the ratio of number of unique alleles to the total number of alleles. Genotypes were scored for the presence (1) or absence (0) of each fragment. NTSYSpc software version 2.1 (Rohlf, 1993 (Rohlf, , 2002 was used to run the binary data. Jacard's coefficients (Jaccard, 1908) were used to construct a similarity matrices from the binary data by using SIMQUAL algorithm. This was followed by construction of a dendrogram using the unweighted paired group method average (UPGMA) applying the SHUAN algorithm. Principal Coordinate Analysis (PCoA) was performed from Jacard's coefficients using Genstat (Genstat, 2007) . The polymorphic information content (PIC) was determined based on the approach and method of Weir (1996) as presented below:
Where, Pi is the frequency of the ith allele.
Analysis of Molecular Variance (AMOVA) was also performed using Arlequin 3.1 version computer software (Excoffier et al., 2005) , to quantify the genetic variation and relationship existing between and among the sweetpotato and the four population groups studied. 
RESULTS
Phenotypic variation
The first six Principal Components (PCs) with Eigen values greater than 1.0 jointly explained 54.86% of the total variation in the accessions based on the 40 agro-morphological and physicochemical traits studied (Table 4 ). The traits of importance for the first component involved root traits of commercial interest. Beta-carotene, dry matter and total sugar contents were of importance for PC2. The mean performance of the top 10 and the bottom 10 selected accessions for beta-carotene, dry matter and sugar contents are presented in Table 5 . Significant differences were observed between the accessions for the traits. The range of values obtained for beta-carotene content was 6.83 -33.67 (mg/100 g) DW. For dry matter content the range was 27 -50%, and for sugar content the range was 9.83 -30.34%. Ogyefo and Apomuden had the lowest and highest values for beta-carotene content. Apomuden had the lowest dry matter content whilest FA-10-026 had the highest dry matter content. CRIWAC 19-10 and CIP 442850 gave the lowest and highest sugar contents, respectively. The dendrogram separated the selected accessions with a Euclidean similarity distance ranging from 1.00 to 0.93 (Figure 1 ). At 1.00 level of similarity, all the accessions were distinct from each other except BOT 03-030 and CIP 442896. Conversely, at about 0.93 levels of significance, two clusters were identified with all the accessions being similar except for CRIWAC 12-10. Five main clusters A, B, C, D, and E at 94.5% (0.945) level of significance were identified. The first four clusters contained 1 to 5 accessions per cluster while the fifth cluster (E) had 26 accessions. The distribution of PC1 and PC2 among the correlated traits, the selected accessions as well as between the selected accessions and the correlated traits are shown in Figure 2 . Three groups were observed for the correlated traits. Beta-carotene, fructose, total sugars, calcium (Ca), and magnesium (Mg) were grouped together in Quadrant 1. Storage root yield traits were grouped in Quadrant 2, while only dry matter was found in Quadrant 3. Four groups were detected for the accessions. Beauregard and Apomuden were the most distantly related accessions in Quadrant 1, whilest CIP 440032 and CIP 442264 were the most distantly related accessions in Quadrant 2. The most distantly related accessions in the third and fourth quadrants were Histarch and Ogyefo, and CIP 442850 and TAG 03-030, respectively.
Genotypic variation
Out of the 25 SSR markers used to assess the genetic diversity of the sweetpotato accessions, only 20 produced amplifications. The five markers that did not produce amplification were IbS01, IbS07, IbS10, IbCIP2 and IbR20. A total of 87 polymorphic alleles were observed across the accessions and loci. These ranged from two to six with mean of 4.25. Markers IbS18 and IbR21 recorded the lowest number of alleles while Ib3/24, Ib316, Ib-297, IbC12, IbS11, J10A and J116A recorded the highest number of alleles (Table 6 ). Out of the 87 alleles revealed by the 20 SSR markers across accessions and loci, 40 (45.98%) were unique alleles and the average number of unique alleles was two. IBCIP-1, IbC12 and J67 produced no unique alleles while Ib3/24 recorded the highest number (5) of unique alleles followed by Ib-297 and J10A with 4 unique alleles. However, Ib3/24 obtained the highest percent polymorphism (83.33%), followed by IbR14 (75.00%). The range and the average percent polymorphism were 0 to 83.33 and 45.50%, respectively. The PIC values were high and ranged between 0.62 for J67 and 0.96 for IbR16 and IbR19, with a mean of 0.84. The highest amplification was recorded by IbR14 (90.91%) followed by IbR316 and J67 with value of 77.92%. IbR16 recorded the lowest amplification. Base range for the markers was highest and lowest for IbR03 (262-277) and J175 (133-147). 84 192.1 -208.7 IbS11 recorded the highest number of loci (1-6) across accessions followed by IbC12 (2 -6). The lowest number of loci (1-2) across accessions was produced by Ib3-24, IbS18, IbR14 and IBR21. Principal coordinate analysis (PCoA), which was determined from the similarity coefficients is graphically presented in Figure 3 (showing diversity in sweetpotato accessions), and Figure 4 (showing diversity in the group structure of the sweetpotato accessions). The two axes explained 45.21% of the total similarity (54.79% of total variation) with the first axis (PCoA1) accounting for 28.08% and the second (PCoA2) accounting for 17.13%. The 76 sweetpotato accessions investigated by PCoA did not form clear groups according to the group structure both within and between.
The dendrogram constructed separated the 76 sweetpotato accessions into major clusters at different similarity levels ranging from 0.00 to 1.00 ( Figure 5 ). At slightly greater than 0.00 similarity level, two major clusters were observed. CIP 6 (CIP 442462) constitutes the first cluster while the second cluster consisted of the other 75 accessions. At 0.25 similarity level, seven major clusters were observed while 17 were found at 0.50 similarity level. The markers fully discriminated the 76 sweetpotato accessions by the 1.00 level of similarity except for two improved cultivars LOCIMP2 (Santompona) and LOCIMP10 (Otoo). The primers, however, did not fully discriminate the accessions into the different group structures.
Significant differences were observed between the sweetpotato accession within the groups (P<0.01) as well as between the groups (P<0.05) as shown in Table 7 . The differences observed within the groups however accounted for a greater percentage (97.12%) of variation observed than that found between the groups (2.88%).
DISCUSSION
Variability was observed in all the physico-chemical traits and 20 out of the 27 agro-morphological traits. This indicates a high degree of agromorphological and physicochemical polymorphism among the accessions. Diversity in flesh colour (beta-carotene content) of sweetpotato cultivars has been reported (Warammboi et al., 2011) . Sugar content in sweetpotato is also reported to be cultivar-dependent (Ravindran et al., 1995; Aina et al., 2009) , and showed high levels of polymorphism with SSR markers. This confirms the discriminatory capacity of the SSR markers on sweetpotato (Gichuru et al., 2006; Tumwegamire et al., 2011) . High level of polymorphism was observed in this study with an allele range of two to six alleles per SSR marker and this is in agreement with Yada et al. (2010) . Buteler et al. (1999) obtained high polymorphism with an allele range of 3 to 10. Somé et al. (2014) , also reported 1 to 8 alleles. A range of 2 to 11 alleles was reported by Tumwegamire et al. (2011) . A lower level of polymorphism, ranging between one and four alleles per SSR locus has also been reported (Hwang et al., 2002) . Differences observed may be attributed to the use of different SSR primers, sweetpotato genotypes and annealing temperatures. Varying number of SSR primers used in diversity studies may also account for the differences in observations. Hwang et al. (2002) attributed high level of polymorphism to large genome size and heterozygosity of sweetpotato. It should also be noted that genetic diversity due to heterozygosity in sweetpotato is driven by both the mating system (outcrossing in combination with self-incompatibility) and the high ploidy level of the crop (autohexaploid) (Tumwegamire et al., 2011) . The AMOVA and ANOVA results also indicated significant differences within and between the different sweetpotato groups studied. These results demonstrate significant genetic diversity and indicates that meaningful selection and improvement of these traits is possible (Mohammed et al., 2012; Nwangburuka and Denton, 2012) . Furthermore, these demonstrate the existence of diversity at the individual genotype level that can be exploited to obtain trait combinations in specific varieties. In addition, the divergences indicate that it is possible to select contrasting parents from these accessions for improvement of beta-carotene, sugar and dry matter contents in sweetpotato. These results agree with results of other researchers (Zhang et al., 2000; 2001; Gichuki et al., 2003; Gichuru et al., 2006; Abdelhameed et al., 2007; Grüneberg et al., 2009; Tumwegamire et al., 2011) .
PIC is a measure of the discriminatory capacity of a marker (Jia et al., 2009 ). According to Heng-Sheng et al. (2012) , a PIC value greater than 0.5 is high, and any marker with such value may be effective in genetic diversity study. In this study, the PIC value for all the markers that showed amplification were greater than 0.5. This implies that the values which ranged from 0.62 to 0.96 with mean of 0.84 were very high indicating a high discriminating power of the SSR markers used. These values are greater than range and mean of 0 to 0.88, and 0.72 reported by Somé et al. (2014) . Based on the number of unique alleles and the PIC values, all the SSR markers that showed amplification were very effective in discriminating among the sweetpotato accessions. In spite of this, the markers did not discriminate between cultivars LOCIMP2 (Santompona) and LOCIMP10 (Otoo) at 1.00 level of similarity even though these cultivars are agro-morphologically distinct. It is probable that no were repeats found that could differentiate the two cultivars and therefore, more SSR markers need to be used in the future to have a full diversity study.
Genetic relationships between traits may result from pleiotropic gene effects, linkage of two genes, linkage disequilibrium and epistatic effects of different genes or environmental influences (Falconer and Mackay, 1996) . The strong negative relationship found for sugar content and dry matter content as depicted in the GGE biplot indicates that it is possible to develop non-sweet high dry matter sweetpotato varieties. A similar observation was made by Gruneberg et al. (2009) , who also reported that development of non-sweet sweetpotato varieties should not be too difficult. However, developing non-sweet, high dry matter and high beta-carotene sweetpotato varieties could be challenging due to the strong negative association between dry matter content and betacarotene content, and the positive association existing between beta-carotene and the sugar content. Breeding for such cultivars may require many cycles of selection and hybridization to break genetic linkages associated with the traits. However, beta-carotene seems to be controlled by a limited number of genes and should be easy to manipulate.
Conclusion
This study provides estimate on the level of genetic variation among sweetpotato accessions in Ghana. Significant genetic diversity was found between the accessions for dry matter, beta-carotene and sugar content. This information can be used in sweetpotato germplasm management and improvement in Ghana. The study also affirmed the discriminatory capacity of the SSR markers, and the agro-morphological and physicochemical markers for sweetpotato characterization especially for breeding programmes with limited resources. Sufficient useful genetic variation is present in the accessions studied which may be exploited to provide for substantial amount of improvement through selection of superior genotypes. The strong negative association between dry matter and sugar content indicates that it is feasible to develop non-sweet high dry matter sweet potato cultivars which are the preferred sweetpotato varieties in Ghana. However, developing non-sweet, high dry matter and high beta-carotene sweetpotato varieties may require many cycles of selection due to the strong negative association between dry matter content and beta-carotene content.
